Childhood development has certain stages and characteristics throughout life, and each stage has specific expectations and developmental tasks for them. Some children are not able to go through these stages and meet expectations and developmental tasks for various reasons. They are, therefore, distant from the majority of their peers and unable to exhibit behaviors appropriate to their level of development and face serious problems in social, educational, and adaptive behaviors. One of the disorders is attention deficit hyperactivity disorder (ADHD). It begins in childhood and its symptoms are inappropriate with the level of developmental evolution. [1] Children with ADHD have major functional problems in educational, family, and social settings. Adolescents with this disorder are at high risk of academic failure due to learning or language problems. Hyperactivity can lead to inferiority complexes, personality disorders, interpersonal problems, and even antisocial behaviors. According to the types of symptoms seen in ADHD, there are three types of ADHD manifestations: (1) frequently inattentive, (2) frequently impulsive, and (3) combined type. [2] Aims: The purpose of this study was to compare the effectiveness of virtual reality (VR) with medication on the memory of attention deficit hyperactivity disorder (ADHD) students. Materials and Methods: The research method was quasi-experimental with pretest, posttest, control and follow-up design. The statistical population consisted of 7-12-year-old elementary school students with ADHD in Isfahan city in the school year of 2018-2019 which 48 of them were selected through purposive sampling. Data were collected using the Swanson Parent Form SNAP-4, Memory Subscale of Wechsler's Intelligence Quotient (IQ), and Raven's Colored IQ Test. The VR group received ten sessions of intervention and the medication group received medicines. Then, posttest and follow-up were performed for all the three groups. Multivariate tests were used to analyze the scores. Results: The results showed that there was a significant difference in memory variables in the posttest stage between the control and VR groups (P < 0.001) and the control and medication groups (P < 0.05). Conclusions: In a general conclusion, it seems that VR therapy and medication have been effective in improving the memory of elementary ADHD students and the effects of these treatments remain in the follow-up stage, but the therapeutic approach of VR has been more effective than medication in both the posttest and follow-up stages.
Memory is one of the talents for recording and storing information when needed, but most of the time, things are not remembered when needed, and people forget. Memory, as the recording of information in the mind, forms the basis of learning. If we remove memory from human life, it will not be able to do anything, even daily behaviors, such as eating, dressing, talking, and the like. Memory is an action that encompasses past experiences. Memory holds current events and recalls past. [3] One of the major problems with ADHD children is their memory. They are often missing out on essentials and are known for being forgetful and unable to transfer information from short-term to long-term memory, thereby causing problems for themselves and others. The impairment of working memory also results in these children being weak in storing and retrieving information related to social functions and lacking the ability to efficiently process social cues. [4] These children generally have problems with spatial visualization, attention, expressive language, language comprehension, learning, speaking, reading, and writing. [5] Working memory deficits are associated with a range of adverse outcomes in children with ADHD, including learning and language impairment, impaired academic performance, learning disabilities, inattention to speech, and impaired social interactions. [6] Memory deficits are more common in hyperactive children. [7] Numerous therapeutic approaches have been used to treat the disorder, including neurofeedback and medication. Although these methods have had some successes in treatment, there are major deficiencies. The use of neurofeedback may cause headaches and dizziness in the first few sessions of treatment, and it cannot be said to be a definitive method of treatment for ADHD. On the other hand, it is a method that requires a great deal of time and cost. [8] The results of a cross-sectional single-blind study that examined the effect of neurofeedback on ADHD showed that previous studies have failed to conclusively establish the effect of neurofeedback on ADHD. [1] Medication effects are temporary and only limited to the short time the medicine is used, especially when it is used for children during school hours. In addition, the dangerous physical side effects of medicines result in families and physicians not being overly happy with medication. [9, 10] About three decades ago, a person named Jaron Lanier introduced virtual reality (VR) into the field of treatment. [11] The use of VR for the treatment of various psychiatric disorders and its effectiveness in various researches has been confirmed. [12] VR is a complex user encounter that involves real-time simulation by multiple sensory channels. VR puts the user in a computer-generated three-dimensional environment in which real-life experiences are simulated and the user can communicate with the virtual world through their senses as if one is truly in this virtual world. [13, 14] Researches published over the past few years on VR have been studied, and it has been found that 24 studies have confirmed the efficacy of this method in the treatment of mental disorders. [15, 16] VR technology provides new opportunities for expanding new clinical research, evaluation, and interventional tools. Implementation of tests, training, teaching, and treatment of VR, which are difficult but not impossible, are expanding and evolving along with traditional and classical methods. [17] A number of studies have examined social anxiety, school refusal, hyperactivity, and autism, and numerous studies have proven the effectiveness of VR as a treatment. [12] This method has many benefits, including the possibility of structured treatment such as a special and supportive position, the creation of a fear-free activity, the use of role-play, handling one's own fears and overcoming the real world, the possibility of providing education, making it possible to go beyond reality, therapist's mastery at any point of time to the subjects' observations, assistance to solve the problem of subjects' aversion to dealing with the created environment, the possibility of better participation and more inclusive learning, the possibility of the subjects' integrated assessment, and helping to rehabilitate their cognitive abilities. [18] The research gap is that in our country, VR therapy has not been used to treat ADHD and improve memory. Given the side effects of some therapies in children with ADHD, as well as issues and problems caused by hyperactivity in individuals, families, and society, it seems that VR can be used to treat this group of people free of any side effects. Based on searches conducted by the researcher so far in Iran, the effect of VR and its comparison with other treatments on symptoms of ADHD has not been investigated; thus, the purpose of this study was to investigate the effect of VR on the memory of children with ADHD compared to medication. Research questions are as follows: (1) Does VR therapy have a significant effect on the memory of children with ADHD? (2) Does medication have a significant effect on the memory of children with ADHD? (3) Is there a significant difference between the effectiveness of VR therapy and medication on memory in children with ADHD?
Materials and MethOds
This is a quasi-experimental study with pretest, posttest, control group and 2-month follow-up. Independent variables included VR therapy and medication, and the dependent variable was memory impairment. The statistical population of the study included all male and female students of an elementary school in Isfahan city who were referred to educational counseling centers for the treatment of ADHD in the academic year 2018-2019. The sample consisted of 48 people who had diagnosed as ADHD by psychiatrists and had intellectual ability with 81 or higher intelligent quotient (IQ), no vision and hearing impairments, and no medication taking for 3 weeks before starting the study, according to the inclusion criteria. They were randomly selected and assigned into three groups of 16 (VR as the first experiment group, medication as the second experiment group, and the control group). Their parents had signed a consent form to participate their children in the study. This research has the ethics code number IR IAU.KHUISF.REC.1398.012 from Islamic Azad University, Isfahan (Khorasgan) branch.
The SNAP-4 questionnaire parent form was used to measure ADHD and completed by the parents. This scale can provide three types of hyperactivity: inattentive type with a cutoff point of 1.78, impulsive type with a cutoff point of 1.44, and combined type with a cutoff point of 1.67. This test has 18 questions and has appropriate validity and stability such that Cronbach's alpha was reported 0.94 for combined, 0.90 for inattentive, and 0.79 for impulsivity types. [19] The validity coefficient of this test has been reported by means of test-retest 0.86, Cronbach's alpha coefficient of 0.90 and split-half coefficient of 0.76. [20] In this study, Cronbach's alpha was 0.79.
The digit span subscale that measures short-term memory is a subset of the verbal scale of Wechsler Children's Intelligence Test. [21] Its split-half reliability was 0.42-0.98 and test-retest reliability was 0.44-0.94. The concurrent validity of this scale was reported to be 0.74. Correlation coefficients of verbal, performance, and total IQs were reported to be 0.84, 0.86, and 0.80, respectively. [22] The reliability coefficient was 0.85 in the present study.
The Raven's Progressive Matrices Test is one of the nonverbal intelligence tests to test children aged 5-11 years and mentally retarded adults. [23] Internal consistency for children 6-11 years ranged from 0.76 to 0.88 and the split-half reliability coefficients of 0.81-0.90. [24] This test was used to match hyperactive children's IQ above 81. In this study, the reliability coefficient was 0.89. VR therapy software is a software that uses the 360° Samsung VR camera to build it. [25] At the end of each session, students in the class were asked to respond to the target image. During offering different stimuli, audio-visual intruders entered the scene once every few seconds and could distract the students' concentration. Ten sessions of 3-min filming were made, from very easy to very difficult. The software was stored in the memory of the VR Box camera. In this study, the content validity ratio [26] of this software was 0.99.
A copy of the tests was stored inside the Acer laptop so that the students could immerse in virtual classroom environments and respond individually to stimuli while watching through the camera by pressing the space bar button on the laptop system. Intrusive stimuli were also introduced during the test to enhance their concentration and attention. As the number of sessions increased, the difficulty increased, and the number of intrusive stimuli increased and intensified. Table 1 provides a summary of VR therapy sessions.
The medication experiment group received treatment with medicines such as Ritalin, atomoxetine, and dexamphetamine, while the control group did not receive any intervention. At the end of the intervention, posttest, and 2 months later, follow-up was performed for all three groups. Data were analyzed using descriptive statistics, mean, standard deviation (SD), and inferential level by covariance analysis.
results
The range of education level of students was 2-6 (mean = 3.46, SD = 1.688) with Grades 2 (age 8, 18.75%), 3 (age 9, 18.75%), 4 (age 10, 25%), 5 (age 11, 25%), and 6 (age 12, 12.5%). The age range was 8-12 years (mean = 9.58 years, SD = 1.8). Of 48 students, 32 (66.7%) were boy. The number of IQ score levels for below average was 11 (22.91%), average 22 (45.85%), above average 13 (27.08%), and superior 2 (4.16%). In Table 2 , the descriptive findings including mean and standard deviations of VR, medication and control groups are listed. The mean memory scores in the intervention groups were significantly higher in the posttest and follow-up than in the control group.
The results of the implementation of the Kolmogorov-Smirnov test of the presumption regarding the scores of the research variables showed that the null hypothesis that implies the normality of distribution of the scores in the research variables in all three stages of pretest, posttest, and follow-up in all three groups is normal (all levels were significantly higher than 0.05). The results of Levene's test of homogeneity of variances showed that in the memory variable in the pretest stage (sig = 0.538, F = 0.628), in the posttest stage (sig = 0.223, F = 1.49), and also in the follow-up stage (sig = 0.717, = 0.335), homogeneity of variances was obtained and the sum of the results shows that the presumption is confirmed in all three stages.
The results of the Box test were obtained to examine the homogeneity of the variance-covariance matrices in the memory variable (Mbox = 25.63, F = 1.92, sig = 0.053), which confirms the presumption in the memory variable. Mauchly's test results were also obtained to test the uniformity of covariance in groups for this variable (Mauchly's W = 0.889, χ 2 = 5.05, sig = 0.08) indicating no confirmation of this presumption in the memory variable. To investigate the role of demographic characteristics for control in the research variables, the results of correlation analysis between memory and age (sig = 0.896, r = 0.017) and IQ (sig = 0.033, r = 0.26) were obtained. It was shown that the relationship between memory and IQ was significant but was not significant between memory and age.
The results of Table 3 show that multivariate analysis for the memory variable is not significant for the effect of time and interaction of time and IQ (P > 0.05) but is significant for time interaction and group membership (P < 0.001). In other words, the difference between the pretest, posttest, and follow-up stages in general and the effect of IQ on them were not significant. However, the process of research stages, i.e., pretest, posttest, and follow-up or time effect, was different in the three groups (P < 0.001).
According to the findings in Table 4 , the mean scores of memory in the experiment (VR and medication) and control groups were significantly different (P < 0.001). The results showed that 36.4% of the individual differences in the memory variable were related to the differences between the three groups.
The results of Table 5 show that there is no significant difference between the mean of memory scores in the pretest, posttest, and follow-up stages and the effect of IQ was not significant (P > 0.05). However, the interaction of time effect and group membership was significant in this variable (P < 0.001). In other words, the difference in the memory scores of the research stages in the three groups was significant, indicating that the process of changing the scores in the research stages in the three groups was different. The difference is 0.397. That is, 39.7% of the variance or individual differences in memory variables were related to the differences between the three test stages and group membership. It can be concluded that the effects of VR and medication may be different in improving the memory of ADHD students.
The results in Table 6 show that there was no significant difference between the mean scores of memory in all three groups in the pretest stage. However, the results showed that there was a significant difference between the control group and the VR group (P < 0.05) and medication (P < 0.05) in both the posttest and follow-up stages. The effect of VR therapy and medication on memory improvement in posttest was 50.9% and 14.8%, respectively, and the effect of these treatments in follow-up was 39.9% and 10.5%, respectively. Based on the results of the memory variable in both the posttest and follow-up stages, the difference between the VR and medication groups was significant (P < 0.05). In both the posttest and follow-up stages, VR and medication had significantly different effects on memory improvement.
discussiOn
The results showed that VR therapy similar to medication improved memory in children with ADHD in both the posttest and follow-up stages. VR therapy has shown efficacy in the treatment of ADHD. [12, 15] The findings of the present study are in line with the findings of Krokos et al. [27] who showed that VR can provide remarkable recall abilities in people with ADHD, as well as with Guazzaroni [28] and Bréchet [29] who believed that delayed retrieval could be accelerated by immersion in virtual scenes.
VR can be a substitute for methods such as medication, neurofeedback, and cognitive-behavioral interventions, with low cost and no side effects. It means that VR system can be used instead of drugs, neurofeedback, and cognitive behavioral therapy. C reating a happy and relaxed environment for hyperactive children while immersed in a situation that does not pose a threat to them is another advantage of the VR approach. The mechanism of performance of VR resembles that of the brain itself, that is, simulated immersion. This means that the human brain, in order to better control and regulate the body, creates a simulated immersion of the body into the real world. [15] VR can turn an inactive learning experience into an active performance. The goal of using VR in the treatment of children with ADHD is to engage students fully in the learning experience by immersing them in the learning experience, increasing their attention and concentration, while also enhancing their memory. VR captures and sustains attention. VR simulations create the full concept of presence, so the ADHD child enters the simulated world, not merely observing it. The use of VR in the treatment of ADHD allows the child to evaluate his or her practical skills and will enjoy it as he or she learns.
cOnclusiOns
In this study, subjects created a sense of interaction between themselves and the virtual world. That is, they felt that they could communicate with the world around them. Another feature of the study was the combination of a sense of immersion and a sense of interaction between the child and the virtual world. This feeling makes all these children's attention focused on the virtual world and unaware of what is happening to them in the real world at that moment. It means that the immersion of children in the virtual world makes them not to consider the real world and not to worry about it. During the VR process, the intrusive stimuli that enter the scene during the sessions are well controlled by the learners and learn how to focus their attention only on lessons and instruction.
In a general conclusion, both VR therapy and medication seem to have a significant effect on memory improvement in students with ADHD, and this effect remains at follow-up, but the effectiveness of VR on memory was higher than medication at both stages. It means that VR therapy was more effective than using medication. Given that the study was conducted on a small sample, one should be very cautious about generalizing it to the whole community. One of the limitations of this study is that this study was conducted on primary school students with ADHD aged 7-12 years in Isfahan city, so generalization of the results to other age groups and other cities should be refused. This study was conducted on students with ADHD and should not be generalized to other childhood disorders. It is better for future researchers to generalize the findings to the larger community by selecting larger sample sizes. It is recommended that further research be conducted on adolescents and adults with ADHD. Similar research is also suggested in other parts of the country. Given that no such research has been done in our country, we can hope to cure this disorder in the near future. According to the results of this study, it can be concluded that VR can be used as an alternative and complementary method to improve memory performance of children with ADHD.
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